these screens is roughly 500. In 2000 they generated more than $7.7 billion in US box-office revenues from the sales of approximately 1.5 billion tickets. Most of the movies shown in the US are made by US studios. Foreign-film distributors often do not find screens available for their films. The situation is somewhat different in Europe. Although US films are quite popular there, they compete more intensively for screens with other films. Exhibitors in Western European countries, such as the UK, Germany, France, and Holland, select the movies they show from larger consideration sets that include local, US, and other foreign films.
A theater owner trying to manage screens effectively faces a complex scenario. The complexity comes from various sources. First, the large number of movies available ("Too many pix, too few screens," trumpets a Variety 1995 headline) is combined with short and decaying audience appeal over time. Further the owner must decide which films to show for a number of screens in a multiple screen theater (a multiplex). Second, as distributors release new movies each week, they pressure the owners to provide screens and play time for them. Third, theater owners often base a number of theaters in the same geographical area and must manage the interdependency among several facilities. Fourth, the distributor-exhibitor contract provides complicating constraints. For example, in the USA, in signing a contract to play a movie in its theaters, the exhibitor becomes obligated to play the film for a certain period of time even when audience demand is weak. The financial arrangements between distributors and exhibitors are unique to the motion-picture industry. Box-office receipts are split between the distributors and exhibitors such that the split favors the distributor in the first few weeks and favors the exhibitor later on. Distributors thus have a strong incentive to promote the movie intensively in their initial play period. On the other hand, the longer an exhibitor plays the movie, the larger its share of the box-office receipts becomes. At the same time, theater attendance for a movie typically declines the longer it plays. Generally all concession revenues go to the exhibitor.
The complexity of the screen management problem means there is a real need for an MMSS that can help theater programming managers to choose movies optimally for their limited screen capacity. Swami, Eliashberg, and Weinberg [1999] developed such a system, the SILVERSCREENER model. SILVERSCREENER helps managers to select and schedule movies for a multiple-screen theater over a fixed planning horizon in such a way that they maximize the exhibitor's cumulative profit. In an example, they showed in an ex-post analysis that if a particular theater in New York City had used SILVERSCREENER, it could have increased its profits by an estimated 38 percent. However, developing a decision-support system is one thing, getting it implemented and used is another [Little 1970; Naert and Leeflang 1978; Wierenga, van Bruggen and Staelin 1999] . This is especially true in an environment that traditionally values intuition and creativity more than formal analysis.
Model Implementation Strategy
Our strategy for implementing SILVERSCREENER was guided by Wierenga, Van Bruggen, and Staelin's [1999] framework, which relates the success of a marketing management support system to a number of factors: demand-side factors, supply-side factors, the match between demand and supply, design characteristics of the MMSS, and characteristics of the implementation process (see Figure 1 ).
[Figure 1: Integrative Framework of the Factors that Determine the Success of a
Marketing Management Support System (Adapted from Wierenga, Van Bruggen, and Staelin 1999) 
Decision Situation Characteristics
Decision Problem The demand side of the MMSS is movie programming at Pathé The Netherlands. In 1999, this exhibitor, headquartered in Amsterdam, asked us to implement SILVERSCREENER for one of its theaters. Pathé The Netherlands (a subsidiary of a French parent company) is the largest movie theater company in the Netherlands and owns a large chain of theaters. In the western part of the country (the Randstad), Pathé is the dominant exhibitor. Pathé's programming department chooses which movies to play in which theater(s) and on which screens each week. It makes these decisions centrally in Amsterdam week by week for all the Pathé theaters in the country. The department is in constant touch with distributors about new movies that will be released, the availability of copies of movies, rental terms, possible slots for movies in theaters, and so on. In the Netherlands, a new movie week starts every Thursday.
Every Monday morning a team of three people meets and prepares a movie allocation schedule for all the Pathé screens in the country for the following movie week, effective the next Thursday. Pathé chose the theater Buitenhof in The Hague for the SILVERSCREENER implementation. Buitenhof is a middle-sized theater with six screens, ranging from 113 to 434 seats, and it is one of the three theaters Pathé owns in The Hague. The Buitenhof theater had been renovated in 1996 and Pathé management wanted to give it a further boost by optimizing the movie programming.
Using Wierenga, van Bruggen, and Staelin's framework, we developed the following implementation strategy for SILVERSCREENER MMSS:
(1) We chose an environment in which mangers had a fairly favorable initial attitude towards an MMSS.
(2) We believe an excellent technical match was made between the decision problem and the MMSS.
(3) Because the managers had little experience with models (and analytical methods in general), we operated the MMSS externally.
(4) We made the SILVERSCREENER's recommendations instantly accessible through the Internet to the decision makers, and presented them in a user-friendly way.
(5) We maintained constant contact with the users during the implementation process.
(1) Users' attitude towards the MMSS (in this case SILVERSCREENER) is an important determinant of its success (Figure 1) . We thought Pathé The Netherlands would make a good client for SILVERSCREENER. Two of the three members of the Pathé programming team had participated earlier in the successful implementation of another MMSS, the MOVIEMOD model [Eliashberg, Jonker, Sawhney, and Wierenga 2000] . MOVIEMOD is a decision support system that forecasts attendance for new movies prior to their release. Because of its success, the team members had a positive attitude towards MMSSs in general. Their positive attitude towards the system was an important factor, because their cognitive style, another relevant characteristic, was not so favorable. One member of the team made it very clear that he had no trust whatsoever in mathematical models, but he had a very good intuitive feel for which movies would be successful and which would not. One of the other members of the team was more analytical, and one fell in-between. We monitored the attitudes of these SILVERSCREENER users over time, by administering an attitude scale three times during the implementation period.
(2) Choosing what movies to program is a fairly structured problem, and the movie industry is data rich, a situation favorable for an optimization model. This is the supply side.
SILVERSCREENER models the movie programming problem in terms of (decision) variables and relationships and is able to find the optimal solution. This technical match is a favorable condition for implementation but not a guarantee of success.
(3) The (analytical) SILVERSCREENER approach was new to the Pathé organization and the team of decision makers had a mixed composition regarding cognitive styles. Because the decision makers experience with analytical methods was limited, we decided that they would not operate SILVERSCREENER themselves. The technical barriers would prevent successful use.
Therefore we carried out the weekly SILVERSCREENER runs and made recommendations to Pathé's programming team. We thought that this way of operating best fit the demand side.
(4) The demand-side factor time constraints is very important to movie scheduling at Pathé.
Every week we got new information from the market (ticket sales, movie releases), and we had to prepare a new recommended schedule for the programming team before its weekly programming session. Therefore we relied heavily on the Internet. We were able to run the model remotely because we could transfer input and output data for SILVERSCREENER globally, instantly, and virtually without cost. In terms of design of the MMSS, we made results immediately accessible to the users, presented as directly implementable recommendations. In addition, one of us was located in Holland, which facilitated personal interaction.
(5) User involvement is important to implementation of an MMSS (Figure 1) . Throughout the process, we directly involved the users of SILVERSCREENER, interacting with them online.
Another factor that can contribute to the success of an MMSS is the presence of an MMSS champion. In this case, one member of the programming team was a great believer in the value of SILVERSCREENER for Pathé. She put a lot of effort into obtaining the data needed to run the model and into bringing the SILVERSCREENER results to the attention of the other team members every Monday morning.
The Modeling Framework
We formulated the exhibitor's problem as an integer programming model, which is a special case of the SILVERSCREENER model [Appendix A or Swami, Eliashberg, and Weinberg 1999] . For each movie available to Pathé, the team had to decide whether to schedule that movie and, if so, for how many weeks. Using the rolling horizon approach in the model, each week the Pathé team selected the movies (six in the case of the Buitenhof) that would optimize its results over the next eight weeks. However, the team implemented the model's recommendation only for the first week. In the following week, with a revised data set, we reran the model with an eight-week horizon set one week ahead. This approach allowed Pathé to consider the long-run implications of its choices, while still allowing it to base decisions on the most recent data (about ticket sales, movie availability, and contract terms). We coded the model in AMPL [Fourer, Gay, and Kernighan 1993] , a modeling language for mathematical programming.
The Screen-Allotment Heuristic
Each week, SILVERSCREENER recommends a set of movies but not the screens on which they should play. Since the six screens at the Buitenhof theater have different seating capacities (Table 1) , we assigned movies to screens according to the following simple heuristic: Each week, allocate the movie with highest expected number of visitors to the highest capacity screen, the movie with the next highest estimated number of visitors to the next highest capacity screen, and so on. The screen allocation heuristic follows managerial decision practices. Sellouts of movies in the smaller screening rooms are unusual. 
Exhibitor's Profit Margin
The profit margin, R jiw , generated by Movie j if it plays for i weeks starting in Week w, is the sum of two components -(1) concession profits (popcorn and soft drink sales) and (2) the exhibitor's share of the movie's box-office gross revenue. The exhibitor's share is the percentage of the box office revenue remaining after paying the distributor's share (rental cost) and taxes (about 10 percent of box-office receipts). The exhibitor's share varies from movie to movie and is generally higher the longer the movie plays at the theater.
where POP ju -concession profits generated by Movie j in Week u, GROSS ju -box-office gross revenue generated by Movie j in Week u, EXSHARE ju -exhibitor's share of the box-office gross revenue of Movie j in Week u.
The exhibitor's share, EXSHARE ju, is specified by the contract terms between the distributor and the exhibitor. Both POP ju and GROSS ju are directly proportional to the corresponding number of visitors to the theater. The number of visitors is determined by the demand function.
The Demand Model
Consistent with the empirical results reported by Jedidi, Krider, and Weinberg [1998] , Krider and Weinberg [1998] , Sawhney and Eliashberg [1996] , and Swami, Eliashberg and Weinberg [1999] , we used an exponentially declining demand curve to estimate the number of visitors attracted by a movie. In addition to the two parameters (accounting for opening and decay rates) usually included in the demand model in the above studies, we incorporated a separate (dummy) variable to account for the effects of holidays. We modeled visitor demand of movie j in week u as the following three-parameter exponentially declining function.
where α j > 0 and β j < 0 are opening and decay factors for Movie j,
c u is the holiday factor for Week u, and ε ~ normal (0, σ 2 ).
We proposed this demand model at a general level of specification. In practice, a movie's run may not include a holiday, and a season may contain only a few holidays, with respective factors being H 1 , H 2 , H 3 , and so on. Moreover, if these holiday factors are manager specified, possibly from past experience or a previous data set, they can be applied directly on a data series, thus requiring only a two-parameter estimation (α and β) of Equation 3. In this case, we would first de-seasonalize the data series by dividing the data of the week for which the holiday factor is available, then estimate the reduced two-parameter exponential model for the future, and multiply the holiday weeks again by their respective factors. We followed this approach in the Pathé application.
Implementing SILVERSCREENER at Pathé The Netherlands
After some preliminary work starting in the early fall of 1999, we first implemented the model, on a regular weekly basis using the rolling-horizon approach in the 45 th week of that year.
In the last two weeks of 1999, the manager primarily responsible for SILVERSCREENER went on 
Data and Managerial Estimates
In fall 1999 (week 40 of the year), Pathé management provided us with the following data with respect to the Buitenhof theater:
• A list of movies and release dates for the second half of 1999 and an indication of movies to be considered for Buitenhof.
• Data on the genres to which movies belong, that is, drama, fiction, comedy or action.
• Data from which to estimate the expected demand for each new movie using casebased reasoning, that is, by drawing analogies from previous movies [Kolodner 1993; Leake 1996] . For a new movie, management identified a "matching" movie or movies in the historical data base, based on genre and other characteristics, on which to estimate opening strength and decay rate. In addition, management typically provided estimates of movie revenues for the first three weeks of its showing.
• Performance data (for Weeks 27 through 39) for all movies that played at Buitenhof prior to Week 40, including the week of the year, screen number, movie title, actual number of visitors, total box-office receipts, net receipts after taxes (the taxes are approximately 10% of total box-office receipts), and rental fees to the distributor based on the sharing percentages specified in the contract (Table 2) . The consideration set of movies consisted of the movies already released and the movies expected to be released during the implementation horizon (Table 3) . Thus, at Week 40, for instance, the set included the movies released between Weeks 27 and 39 and the movies slated for release between Weeks 40 and 52. The consideration set is dynamic and flexible. In a particular week, the distributor may decide to postpone a movie that was to be released that week, or movies may be released ahead of the scheduled release date. Moreover, a new movie may unexpectedly become available in a particular week. Two movies that were screened at Buitenhof unexpectedly became available in late 1999. The complete consideration set of movies in the course of this study from Week 40 until Week 52 is shown in Table 3 . 
Sequencing Information Flows and Decisions
The timing of events was of immense importance in this application: when and how we obtained data, how long we took to prepare and communicate recommendations, when the team made decisions, and when and how it sent feedback to us (Figure 2 ). In this implementation project, the research collaborators were based in the US, India, Canada, and the Netherlands.
Communication among the researchers and with Pathé took place through the Internet. where ATP is the average ticket price at Pathé and is estimated to be Dfl 13.5 and the tax deduction factor is 0.89725.
Exhibitor's Profit Margin
We estimate the corresponding profit contribution from concessions, POP jw , as follows:
We estimate the average concession profit per visitor at Pathé to be Dfl 2.00.
We estimate contract terms, EXSHARE jw , as follows:
• For movies that have played for some weeks, we generally found that by the end of the contract stream, the distributor's share stabilizes at 27.5 percent.
Accordingly, we used this heuristic: if the contract term for the actual run ends at 27.5 percent, stabilize it at 27.5 percent for the coming weeks, otherwise, use the contract terms of the analogous movie from the previous year's data.
For future releases, we classify movies as Type A, B, or C, depending on the attendance expected. For example, if the weekly number of visitors is expected to consistently exceed 1000, it is Type A, and if the number is below 500, it is a Type C. are in the middle with their demand parameters between those of Types A and C. The distributor designs the contract terms to be somewhat attractive to both distributor and exhibitor.
Demand Estimation
To estimate VISITOR jw , the demand for movie j in week w (equation 2), we estimate the opening and decay parameters, α j and β j , and the holiday factor, c. During the initial implementation period of SILVERSCREENER (Week 40 to 52), there were only three holiday weeks: Week 42 and 43 (autumn vacation) and Week 52 (Christmas holiday). We estimated the opening and decay rates of a movie by transforming the three-parameter model into a two-parameter exponentially declining model, which involves only opening and decay rates. Then, we multiplied the revenues of the movies in the holiday weeks by their holiday factors, which we estimated independently.
During any movie week, some of the movies in the consideration set have already been released, while some are scheduled for release. To estimate demand for a particular movie, we consider three different points on the decision-making time line and the source of the data used for estimation. Based on this explanation, we divide our method of forecasting future demand at Pathé into two parts:
• For movies already released, we use the two-parameter exponentially declining model by log-transforming equation (2) and fitting a regression model. This requires actual data for at least two weeks. For the movies for which we have only one week's data, we use the first week's actual sales and managerial estimates for later weeks. We generate regression-based estimates to forecast attendance for the later weeks.
• For forthcoming movies, we use the following procedure:
(1) If the manager's estimates follow a consistently decreasing pattern for the first three weeks of the movie's run, we use the regression model version of equation (2) using the three data points to forecast demand from Week 4 onwards.
(2) If the manager's estimates do not decrease consistently, we use the estimates for the first three weeks. To forecast demand from Week 4 onwards, we use the decay factor of the "matching movie" from the previous year's data (and an opening rate based on the last managerial estimate).
(3) If managers provide no "matching movie," we follow a procedure similar to (2) except that for the decay factor we use the average of the decay factors of all the movies in the previous year's data.
We designed our estimation procedure to suit the model-implementation situation. The key feature is that we give priority to different data types according to their origins: first, the most recent actual box-office data; second, managerial estimates; third, estimates drawn from a matching movie from the previous year; and fourth, average data from the previous year.
We use this order to reflect these measures' value as indicators of audiences' reactions.
Previous studies have demonstrated the validity of using actual box-office data [Jedidi, Krider and Lehmann and Weinberg 2000; Sawhney and Eliashberg 1996] . The next best option is to use managerial estimates for the current year since managers know the situation and can rely on their experience in the movie business and at the particular theater chosen. By using the manager's estimates for only the first three weeks and using them in an analytical model, we blend managerial estimates with an established and validated forecasting approach. The third option is to rely on data from a matching movie from the previous year, also specified by the manager. This procedure has merit in that the manager refers to the movie's attributes and to historical data that shows the reaction of that theater's movie-goers. We rely on the last option, using average decay rate from the previous year, when the manager cannot pinpoint a matching movie from the previous year. To still extract information from the company's historical database, we use the average for all the movies that played at the theater as an initial estimate.
In a previous study, Swami, Eliashberg, and Weinberg [1999] combined the matchingmovie and average-decay-rate approaches by using a set of attributes of the movie, such as genre and MPAA rating. Their attributes were based on previous studies, such as Wallace et al. [1993] , Sawhney and Eliashberg [1996] , and Jedidi, Krider and Weinberg [1998] .
Estimating Demand for Reruns
Theaters show most movies continuously for some time. Occasionally they run some movies for several weeks, stop, and then resume playing them after a break of a few weeks (reruns). To estimate demand in such cases, we increased the counter for the week number in Equation (2) even during the intermittent weeks in which the movie was not shown.
Treatment of Holiday Factors
Weeks 42, 43, and 52 were holiday weeks during the 1999 implementation period. We The face validity of our recommended schedules was very high. Typically, at least five of the six recommended movies in a week matched the actual schedule. Differences were sometimes caused by last-minute changes in availability. In Week 45, for example, the only difference is that DBS was in the actual schedule whereas BD was in the recommended schedule.
Implementation Results

Starting in
However, DBS entered the consideration set at the last moment, the manager decided to play it in the Buitenhof because of its success at another theater. By the next week DBS had entered the consideration set and its continuation was recommended. SILVERSCREENER considers a stand-alone theater and does not take into account interdependencies among theaters. To accommodate management's needs, we added a contingency option for Pathé. This option determines the best schedule if the first, second, and third best movies are removed from consideration at the Buitenhof. These contingency schedules, which took seconds to run on a computer, were considered to be extremely helpful by management.
The Success of the SILVERSCREENER Implementation
The marketing management support system succeeded in satisfying multiple criteria (Figure 1 ). The first is technical validity. Based on Swami, Eliashberg, and Weinberg [1999] , and numerous test runs, we are confident that SILVERSCREENER accomplishes its goals in a timely and efficient manner. The second criterion is implementation success, whether the decision maker adopted and used the MMSS. Pathé used SILVERSCREENER every week. Once, because of a transmission problem, the recommendations came late and the people at Pathé missed seeing the current recommendation. They had to rely on the previous week's recommendations for the second week which was still useful, since it included suggested schedules several weeks ahead. So, on this count, SILVERSCREENER was a success. The next two levels on which the success of an MMSS can be measured are impact for the user (satisfaction, perceived usefulness) and impact for the organization (sales, profits).
The Impact of SILVERSCREENER on Sales and Profits
The objective of SILVERSCREENER is to maximize the exhibitor's cumulative profits over the planning horizon. In 1999, the implementation period for the theater Buitenhof was the last 10 weeks of the year, Week 43 through Week 52. We also have data for the first eight weeks of
2000.
We followed the adaptive decision making approach for the 10 time windows in 1999. To We analyzed sales weekly, looking at attendance at each theater. Our preliminary analysis indicated no significant difference in profitability (as distinct from sales) of the three theaters (the profit data are confidential). We compared the three theaters for the 1999 effective implementation period from Week 45 through 52, calculating the percentage change in the number of visitors from 1998 to 1999 at the three theaters (Table 6 ). All three theaters showed periodic changes from one year to the next. Attendance at the Buitenhof improved more than that for the other two theaters for Weeks 45 through 50, although their performance improved in Weeks 51 and 52. The managers' review of SILVERSCREENER at the start of 2000 was favorable, and they wanted to continue using the model. While communication problems interfered with our gathering data and reporting recommendations at the start of the year, by Week 3 of 2000, the multicontinent SILVERSCREENER implementation was fully operational again.
For the first eight weeks of the year, we continued to gather comparative data for the three Pathé movie theaters. We ranked the three theaters by percentage change in attendance for each of the 14 weeks in our sample (omitting the Christmas holidays) ( Table 7) . Of the 14 weeks of the comparison, the Buitenhof theater ranked first for nine, second for three, and third for two of the weeks analyzed. In the two weeks which it ranked third, no SILVERSCREENER recommendation was available for the Pathé managers (the first two weeks of 2000). For the first 42 weeks of 1999, the cumulative attendance at the Buitenhof decreased by 6.1 percent. For the last 10 weeks of the year, cumulative attendance increased by 10.3 percent compared to the previous year. This improvement, while most likely driven by other factors in addition to the SILVERSCREENER implementation, may have helped to persuade management to continue using the SILVERSCREENER system.
Managerial Perceptions of the Effect of SILVERSCREENER
We measured the attitudes of the members of the programming team towards SILVERSCREENER, using three items from a scale Schultz and Slevin [1975] developed to measure people's attitude towards an information system. We administered the scale three times:
before the team used SILVERSCREENER recommendations (week 42), after the first effective implementation period (week 49), and after a change in management early in 2000 (week 13)
[ 
New Manager and New Theater
The new senior manager has a positive attitude towards the SILVERSCREENER system.
She has urged the SILVERSCREENER team to continue making recommendations
In 2000, Pathé opened a new, very large theater with 14 screens near the new soccer stadium Arena in Amsterdam. It has asked the SILVERSCREENER team to take on the programming for this theater.
Conclusions
Our adaptation of the published version of SILVERSCREENER served Pathé well, but in the long run we will likely have to treat the multitheater case more formally if Pathé is to adopt the system across its chain of theaters. Also, for Pathé to continue to use the MMSS successfully, we will have to transfer the operation of SILVERSCREENER to Pathé's managers. One reason we conducted this study was to learn what was required for a successful implementation. We need to develop a user friendly version (including automatic entering of box-office results and automatic forecasts of attendance) that time-pressed managers can run readily.
Long-term use will depend not only on technology, but also on careful attention to the success factors outlined by Wierenga, Van Bruggen and Staelin [1999] . These factors helped us to design our implementation and measurement process. More complex applications will depend even more on critical understanding of the implementation process over time. It is especially important to convince Pathé's top management of SILVERSCREENER's contributions if we are to extend the system to Pathé subsidiaries in other countries.
In movie scheduling, time is of the essence. With such highly perishable products and weekly decisions, managers can maximize profits only if they use current information. In the past, those working together on a project had to be at the same location, but with electronic communication people and facilities can be widely dispersed. In this project, we carried out the SILVERSCREENER computer runs nearly half way around the world from the implementation site.
With communication costs virtually zero, and therefore geographic proximity not a requirement, a diverse team of researchers can be assembled to attack a challenging, continuing project. While we expended some effort to establish an efficient information-transmission system, once established it worked very smoothly. We are optimistic about the future of MMSSs in the movie industry. It offers challenging problems, and researchers can offer implementable solutions to managers. At Pathé, managers have asked for several extensions of the model, indicating that they see modeling as a help in addressing difficult issues. These extensions concern micromanaging several theaters in the same city, and they include determining optimal daily time slots for different movies, assigning movies to time slots and screens, and managing concessions. In making these decisions, managers must explicitly consider the interdependencies among the multiple theaters in the city. 
